Among a variety of synthetic methodologies for the construction of cyclic compounds, chemical transformations involving the use of transition metal complexes are some of the most attractive methodologies because reactions can directly construct complex molecules from relatively simple starting materials.
Among a variety of synthetic methodologies for the construction of cyclic compounds, chemical transformations involving the use of transition metal complexes are some of the most attractive methodologies because reactions can directly construct complex molecules from relatively simple starting materials.
1 As a consequence, many advances in the cyclization mediated by transition metals have been made through a variety of ways in synthetic strategy.
2 Of particular interest is a cyclization strategy between carbonyl and unsaturated bonds to find practical way of chemical routes for the preparation of lactones mainly because the chemical process could dominate over the classical methods in simple trial.
3
Structurally unique allenes are found in nature and play important biological and chemical roles. 4 Recently allene moieties have been utilized as useful substrates for a variety of chemical transformations.
5 Recently, we have disclosed our discovery of direct cyclization methods for the synthesis of bicyclic lactones using allenyl carbonyl compounds, 6 cyclic compounds as part of the allylic transfer strategy utilizing an allene as substrates or intermediates.
7 In particular, we demonstrated utility of allenyl hydrazones 1 in the construction of bicyclic lactams 2 using molybdenum carbonyl complexes.
8
The characteristic features of this protocol in terms of chemical efficiency through a [2+2+1]-three component coupling process and structural features of products have encouraged us to carry out further investigations to design asymmetric synthetic routes, which would expand utility of the method. As a consequence, we became quite interested in carrying out investigation with chiral allenyl sulfinimide 3 because it was expected to achieve chiral 3-methylene -1-butyrolactam 4 as shown in Scheme 1.
9
With this issue in mind, several allenyl sulfinimides were prepared by known method.
10 As a starting point, the allenyl sulfinimide 3a (X = NTs) was selected as a model substrate to prove reactivity and diastereoselectivity.
The first study for preliminary experiments focused on the feasibility of 3a as a substrate for the cyclocarbonylation with molybdenum carbonyls to afford 4a as depicted in Scheme 1. Initial attempts to cyclocarbonylation of 3a under the previous conditions employed for simple allene-hydrazones indicated that the conversion to the corresponding lactam 4a could not be satisfied. We could not find any evidence for the formation of 4a. Surprisingly, reaction produced separable the desulfinated 5a (34%) along 6a in a ratio of 3:1 (Table 1 , entry 1). Unfortunately, reaction did not proceed below 90 o C. We subsequently speculated that the introduction of molybdenum carbonyl derivatives might be needed to enhance † This paper is dedicated to Professor Eun Lee on the occasion of his honourable retirement. Scheme 1. General strategy. Refer to isolated and chromatographed yield of 5a.
Bomi Kim et al. reactivity. After surveying numerous conditions for orienting experiments as summarized in Table 1 , several key findings emerged as follows: i) the desired 4a was not produced under the various conditions appeared in Table 1 ; ii) the use of 1.5 equivalents of Mo(CO) 3 (DMF) 3 was required for optimal yield of 5a; 11 iii) the introduction of DMSO as an additive proved to be crucial to promote reaction. Under optimal conditions (entry 6 in Table 1), the reaction was conducted by an addition of 3a (1 equiv) and DMSO (10 equiv After 6 h at 80 o C, the reaction mixture was cooled to rt and then filtered through a sintered glass filter containing celite. Final purification was effected by column chromatography to yield 5a in 67% yield.
We soon realized that the synthesis of 3-methylene-1-pyrrol-2-ones 5 might be useful because the utilization of dienes can be foreseen for many functional group transformations. With the notion that this approach might lead to a general method for the synthesis of 5, we set out to determine the scope to produce structurally various products as summarized in Table 2 .
Obtainment of the products can be accounted by the following reaction pathway as illustrated in Scheme 2. In order to prove reaction pathway from 3 to 5 and 6, two facts were obtained: i) 3 turned out to be thermally stable ii) reaction of 6 under same conditions did not occur. After formation of complex 7 from 3 with Mo(CO) 3 (DMF) 3 , reaction might produce 4 and 6. Subsequent elimination reaction of 4 could take place to afford 5 via the formation of 8.
In summary, this communication describes synthetic routes to the 3-methylene-1-pyrrol-2-ones 5 from allenyl sulfinimides 3 with Mo(CO) 3 (DMF) 3 via a [2+2+1]-cyclocarbonylation. Studies are in progress to incorporate with diene into multi-cyclic compounds by cycloaddition reaction related to a core skeleton of biologically active natural product s. 
